












Carbohydrate-binding modules such as CBM41d aid in the capture of starch by Eubacterium rectale in the 
human intestine.  
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Gut bacteria attach to dietary fiber such as starch via carbohydrate binding modules (CBMs). 
Here we demonstrate that a cell surface starch-degrading enzyme Amy13K from the prominent 
gut bacterium Eurbacterium rectale harbors five CBMs that have different specificities and 
affinity for starch. The specificity of the Amy13K CBMs provides a molecular rationale for why E. 
rectale is only able to process certain types of dietary starch in the human large intestine.  
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PDB	code	 6B15	 6B3P	 6AZ5	












Molecules/ASU	 4	 2	 1	
Total	reflections	 557901	(55398)	 1264933	(124942)	 109448	(10683)	
Unique	reflections	 86483	(8664)	 81845	(7989)	 6492	(608)	
Multiplicity	 6.5	(6.4)	 15.5	(15.6)	 16.9	(17.6)	
Completeness	(%)	 98.46	(99.38)	 99.65	(99.37)	 99.94	(100.00)	
Mean	I/sigma(I)	 7.86	(2.03)	 10.90	(1.30)	 15.08	(9.98)	
Wilson	B-factor	 35.61	 31.84	 27.70	
R-merge	 0.09175	(0.5615)	 0.1781	(3.103)	 0.07451	(0.1759)	
R-meas	 0.09971	(0.6107)	 0.1841	(3.206)	 0.07692	(0.1812)	
R-pim	 0.03852	(0.237)	 0.04639	(0.8003)	 0.01875	(0.04297)	
CC1/2	 0.995	(0.832)	 0.997	(0.373)	 0.999	(0.996)	
CC*	 0.999	(0.953)	 0.999	(0.737)	 1	(0.999)	
Reflections	used	in	
refinement	 86454	(8666)	 81781	(7983)	 6492	(608)	
Reflections	used	for	R-free	 1992	(199)	 1998	(194)	 650	(61)	
R-work	 0.2080	(0.2749)	 0.1885	(0.2915)	 0.2336	(0.3189)	
R-free	 0.2318	(0.3235)	 0.2001	(0.2926)	 0.2566	(0.3106)	
CC(work)	 0.949	(0.780)	 0.960	(0.611)	 0.892	(0.811)	
CC(free)	 0.932	(0.666)	 0.949	(0.687)	 0.939	(0.774)	
Number	of	a oms	 7136	 4079	 968	
					Macromolecules	 6393	 3248	 920	
					Ligands	 12	 279	 0	
					Solvent	 731	 552	 48	
Protein	residues	 836	 418	 116	
RMS(bonds)	 0.003	 0.005	 0.004	
RMS(angles)	 0.77	 0.97	 0.85	
Ramachandran	favored	(%)	 95.53	 96.86	 96.49	
Ramachandran	allowed	(%)	 4.11	 3.14	 3.51	
Ramachandran	outliers	(%)	 0.36	 0.00	 0.00	
Rotamer	outliers	(%)	 0.75	 0.58	 0.00	
Clashscore	 0.33	 1.03	 0.57	
Average	B-factor	 44.18	 38.81	 26.18	
					Macromolecules	 44.06	 37.40	 26.06	
					Ligands	 52.53	 45.06	 	
					Solvent	 45.08	 43.93	 28.46	
Parentheses	indicate	statistics	for	the	highest	resolution	shell.		
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CBMa	(n=1)a	 4.6	x10-4	±	7.4	x10-5	 1.0	x10-3	±	8.2	x10-5	 1.0	x10-4	±	8.2	x10-5	(2.3)	
CBMbc	(n=2)a	 3.7	x10-4	±	6.1	x10-5	 5.0	x10-4	±	7.0	x10-5	 3.0	x10-5	±	5.2	x10-6	(0.05)	
CBMde	(n=2)a	 1.0	x10-4	±	9.3	x10-5	 8.2	x10-6	±	2.3	x10-6	 2.4	x10-5	±	3.5	x10-6	(2.4)	
CBMe	(n=1)a	 8.5	x10-4	±	3.2	x10-4	 3.1	x10-3	±	9.7	x10-4	 6.0	x10-4	±	3.8	x10-4	(0.8)	
CBMb-e	(n=4)a	 7.8	x10-5	±	9.8	x10-6	 8.4	x10-5	 6.8	x10-7	±	3.4	x10-7	(0.06)	







HiMaize	260	 Corn	Starch	 Potato	Starch	 Fibersym	
CBMa	 44.6	±			7.2	 		23.3	±			9.3	 NBa	 NBa	
CBMbc	 32.5	±			6.8	 102.3	±	35.8	 NBa	 NBa	
CBMde	 35.2	±	26.2	 		31.0	±			7.9	 NBa	 NBa	
CBMb-e	 		4.6	±			1.4	 		15.9	±			2.9	 NBa	 81.9	±	17.5	






Amylopectin	 Corn	Starch	 HiMaize	260	 Potato	Starch	
WT	 3.1	x102	±	1.8	x101	 3.8	x10-1	±	3.7	x10-2	 7.0	x10-1	±	2.8	x10-1	 7.7	x10-2	±	3.3	x10-3	
ΔCBMa	 2.3	x102	±	9.5	x101	 8.2	x10-2	±	1.0	x10-2	 1.6	x10-1	±	2.8	x10-2	 3.6	x10-2	±	1.0	x10-3	
ΔCBMa-c	 1.2	x102	±	1.0	x101	 1.4	x10-2	±	6.7	x10-4	 3.6	x10-2	±	1.5	x10-3	 1.9	x10-2	±	2.4	x10-3	
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Domain organization of Amy13K. The signal sequence and cell wall anchor are indicated in grey, CBMs are 
indicated in green and the catalytic domain is indicated in red. The numbers along the length of the protein 
represent the start points of the domains. CBM containing constructs and enzymatic constructs used within 
this study are shown below. CBM constructs were designed based upon a bioinformatic analysis of where the 
start and end points of the CBMs could be reasonably predicted. At the top, the CAZy classification for each 
CBM, including two new families designated as CBMxy and CBMyz, is noted.  
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Figure 2. Crystal structure of Amy13K CBM41d. A) Cartoon diagram of Amy13K_CBMd (PDB 6AZ5). The 
putative binding site residues are shown in green and the tryptophans of the binding site are labeled for 
orientation purposes. B) An overlay of the carbohydrate binding sites of Amy13K_CBMd and the CBM41 from 
T. maritima pullulanase PulA (PDB 2J73). CBMd binding residues and labels are shown in green, while PulA 
CBM41 binding residues, bound carbohydrate and labels are shown in blue.  
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Figure 3. Crystal structures of Amy13K_CBMbc. A) Cartoon diagram of Amy13K_CBMbc in complex with 
maltoheptaose (PDB 6B3P) with the carbohydrate chain shown in green. B) A close-up view of the CBMb 
oligosaccharide binding site. The sugar chain is shown in dark green and hydrogen bonds are indicated by 
dashed lines. C) A close-up view of the CBMc oligosaccharide binding site. The sugar chain is shown in dark 
green and hydrogen bonds are indicated by dashed lines. D) An overlay of Amy13K_CBMb and the CBM26 
from Bacillus halodurans α-amylase G6 (PDB 2C3H). CBMb residues and bound carbohydrate are shown in 
green, while those for the B. halodurans CBM26 are shown in aqua.  E) An overlay of the carbohydrate 
binding sites of Amy13K_CBMb and the CBM26 from B. halodurans α-amylase G6 (PDB 2C3H). CBMb 
residues, carbohydrate and labels are shown in green, while those for CBM26 are shown in blue.    
 
192x239mm (300 x 300 DPI)  
 
 
Page 39 of 40 Molecular Microbiology













Figure 4. Affinity electrophoresis of Amy13K CBMs. Proteins are separated with (right) or without (left) the 
indicated polysaccharide incorporated into the gel at 0.1% final concentration in native-PAGE. Bovine serum 
albumin (BSA) was loaded as a non-binding control.  
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